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Abstract
Objectives—To evaluate the association between histamine-2 receptor antagonist (H2A)
exposure and incident cognitive impairment in a community-based sample of African Americans.
Design—Five-year longitudinal observational study.
Participants—A sample of 1,558 community-dwelling African Americans aged 65 and older
with no baseline cognitive impairment living in Indianapolis, Indiana.
Outcome Measure—Incident cognitive impairment, defined as incident dementia, cognitive
impairment without dementia, or poor cognitive performance, as determined using combined
cognitive assessments that included the Community Screening Instrument for Dementia, a
comprehensive clinical assessment including informant interview, and neuropsychological testing.
Exposure—Trained interviewers assessed the use of prescription and over-the-counter H2As
using in-home inspection of medications and report of participants and informants.
Results—Incident cognitive impairment occurred in 275 (17.7%) participants. After controlling
for age, education, baseline cognitive score, the use of anticholinergics, and history of diabetes
mellitus and depression, continuous use of H2As was associated with greater risk of incident
cognitive impairment than for nonusers (odds ratio = 2.42; 95% confidence interval = 1.17–5.04).
Conclusion—H2As might be a risk factor for the development of cognitive impairment in
African Americans. This finding requires confirmation from future studies.
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Adramatic rise in the prevalence of cognitive impairment, comorbid chronic disease, and
exposure to multiple medications has accompanied the aging of the U.S. population.1,2
There were an estimated 7 million cases of dementia in the United States in 2000, and this
number may grow to 18.5 million by 2050.3 On average, older Americans suffer from two to
three chronic diseases such as hypertension, diabetes mellitus, osteoarthritis, and coronary
artery disease.2,4 This comorbidity has led to a higher rate of medication use in older adults
attending primary care clinics; the average number of medications is five to six.2 A
significant number of these medications, such as antihistamines, have anticholinergic
activities with negative cognitive effects.2
Proton pump inhibitor (PPI) and histamine-2 receptor antagonists (H2As), including
cimetidine, ranitidine, famotidine, and nizatidine, are among the most widely used
pharmacological therapy for various gastrointestinal disorders in older adults.5 Using
pharmacy billing data, it is estimated that, over a 1-year period, 1.3% of U.S. patients took at
least one H2A and 1.6% took at least one PPI for more than 3 months.6 Excluding over-the-
counter use, ranitidine and famotidine are among the top medications prescribed in the
United States, with more than 16 million prescriptions dispensed in 2005.7
Over the past decade, research on the effect of H2A use on the cognitive function of older
adults has produced inconsistent findings.8–14 In earlier observational studies, protective
effects were reported with the use of these agents for incident Alzheimer's disease (AD).9,11
This possible beneficial effect was evaluated in a pilot randomized trial, but the results were
negative.14 Data from this trial indicated that H2As had potentially negative effects on the
cognitive function of older adults.14 Other cross-sectional and longitudinal data analyses
have also suggested adverse cognitive effects with the use of H2As.10,13 The sources of the
inconsistencies between studies might be due primarily to methodological biases such as the
measurement of the outcome or the exposure and the adjustment for potential confounders.
This article benefits from the prospective 5-year follow-up and clinically validated
measurement of incident cognitive impairment of the Indianapolis–Ibadan Dementia Project
to explore the association between the use of H2As and incident cognitive impairment in a
cohort of elderly African Americans that are underrepresented in research studies.
Methods
The Indiana University–Purdue University at Indianapolis institutional review board
approved the study, and all participants provided informed consent.
Study Population and Design
The Indianapolis Water Company constructed a random sample of 60% of residential
addresses within 29 contiguous U.S. Census tracts in Indianapolis. Interviewers went door to
door to sampled addresses and invited African Americans aged 65 and older to participate.
This sample was representative of African Americans aged 65 and older throughout
Indianapolis in age, sex, and socioeconomic composition. When possible, a close relative
within the subject's household was also interviewed regarding the primary participant's daily
functioning.
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Of the 7,590 residential addresses provided by the public utility, 4,915 households were
ineligible, because none of the members of the household were aged 65 and older, and 383
households had no African-American family members (282 households had two interviews,
and four households had three interviews). Of the 2,582 eligible participants, 249 refused
participation, and 121 were too ill to participate; 2,212 participants were enrolled.
The study included three waves of data collection: a baseline prevalence study followed by
incidence studies 2 and 5 years after baseline.15–18 The study followed a two-stage design in
which the Community Screening Interview for Dementia (CSI-D)19 was administered to all
study participants in the first stage, and a full clinical assessment was carried out in a
subsample of subjects in the second stage. Using the scores on the CSI-D for sampling into
the clinical assessment stage, study participants were placed in one of three performance
groups: poor performance (100% invited for clinical assessment), intermediate performance
(50% sampled), and good performance (5% sampled). If individuals who were sampled
from the good or intermediate group refused or were unable to participate, replacements
were sampled. This sampling method was weighted so that the individuals with the highest
probability of having dementia would be selected, as well as including a small sample of
good performers to test for false negatives.
Cognitive and Clinical Assessment
The CSI-D assesses cognition and has a section for interviewing a relative about daily
functioning. The cognitive scale assesses short- and long-term memory, abstract thinking,
judgment, and higher cortical function (aphasia, agnosia, apraxia, and constructional ability).
An interview with a close relative provided data on the subject's activities of daily living and
social function. The scores from the cognitive scale and the interview with the relative were
combined into a single screening outcome measurement of a discriminant function score that
demonstrated 87.0% sensitivity and 83.1% specificity in distinguishing persons with
dementia from those without18 with an area of 98% under the receiver operating
characteristic curve.19 When informants were available, the study used discriminant scores
for grouping individuals into good-, intermediate-, and poor-performance groups. When
informants were unavailable, cognitive scores alone were used to determine performance
group. The classification into performance group also included decline in CSI-D score from
previous waves.
The Stage 2 clinical assessment was conducted during a home visit and included the
neuropsychological battery of the Consortium to Establish a Registry for Alzheimer's
Disease (CERAD),20,21 a standardized physical and neurological examination and
functional status review,22 a semi-structured interview with a relative, and a request for
medical records. Dementia was diagnosed according to International Classification of
Diseases, 10th Revision,23 and the Diagnostic and Statistical Manual of Mental Disorders,
Third Edition, Revised,24,25 criteria. Cognitive impairment with no dementia was diagnosed
if there was an informant report of a clinically significant decline in cognitive function or
evidence of significant cognitive decline on physician examination or impaired CERAD test
performance and no or only minimal impairment in activities of daily living.
End Point
Onset of incident cognitive impairment was defined as the first time a participant was in the
poor performance group according to screening, was classified as having dementia, or
suffered from cognitive impairment without dementia according to clinical diagnosis as
defined in the previous section at follow-up Waves 1 or 2. Participants in the good or
intermediate group at all participating waves were considered to be cognitively unimpaired.
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Information on medication use was collected at each wave. Trained interviewers asked
participants and informants to retrieve from the rooms of the home all prescription and
nonprescription medications that the participant was taking at the time of the interview.
Interviewers recorded the names of medications from the labels of each container. Only the
names of drugs were recorded from the labels; there was no attempt to record dosage,
frequency, or duration of drug use. When drug containers were unavailable, the interviewer
recorded the drug name as reported by the participant or informant or from active drug lists
kept by participants. It was estimated that 82% of the medication-related data came from
direct inspection of the drug container.
Continuous use of a drug was defined as participant or informant indicating that the
participant used the drug at all participating waves. Intermittent use of drug was defined as
the participant or informant indicating that the participant used the drug at at least one, but
not all, participating waves. A trained pharmacist reviewed the medication lists (including
generic and trade names) collected by the study interviewers and created various drug
classes, including the class H2A (cimetidine, famotidine, nizatidine, and ranitidine) and the
class PPI (omeprazole and lansoprazole). In addition, a new variable was constructed that
included any medication with definite central anti-cholinergic activities.2
Analysis
T tests and one-way analysis of variance (ANOVA) were used for continuous variables and
Fisher exact tests for categorical variables when comparing the demographic characteristics
of participants with and without cognitive impairment and between the three medication
usage groups. Age was the participant's age at the end point. The association between
outcome (incident cognitive impairment) and exposure (H2A and PPI use) was analyzed
using logistic regression models that included potential confounders. These confounders
were selected if they were univariately statistically associated with incident cognitive
impairment or H2A usage at the α = 0.15 level. The final logistic regression model included
covariates that were significant at the α = 0.05 level in addition to history of depression or
diabetes mellitus and any use of medications with definite central anticholinergic activities.
These variables were included because of their potential association with incident cognitive
impairment. Odds ratios (ORs), 95% confidence intervals (CIs), and P-values were
calculated from the final model.
Results
Of the 2,212 participants who completed the baseline in-home interviews, 312 were
excluded from this analysis because of dementia diagnosis (n = 65), cognitive impairment
no dementia (n = 106), or poor performers (n = 141). Thus, the at-risk population included
1,900 potential subjects who had no cognitive impairment at baseline. This study was
restricted to the 1,558 subjects who completed the 2-year follow-up or the 2- and 5-year
follow-up waves and had all of the relevant data collected at each participating wave (20 had
missing baseline characteristics, 133 had died before Wave 1 assessment, 58 refused at
Wave 1, and 131 could not be located or other reasons).
The end point of incident cognitive impairment occurred in 275 of the study participants
(105 participants in Wave 1 and 170 in Wave 2). A comparison of the demographic, medical
history, and baseline medication usage of participants with and without incident cognitive
impairment is provided in Table 1. As expected, the impaired participants were older (80.6 ±
7.2 vs 77.0 ± 6.2, P <.001), had fewer years of education (9.1 ± 3.2 vs 10.1 ± 2.9, P <.001),
and had lower baseline CSI-D cognitive scores (30.5 ± 1.9 vs 31.3 ± 1.5, P <.001).
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Of the 1,558 study participants, 203 were using at least one H2A during one of the three data
collection time points (38 individuals were continuous users, 165 were intermittent users, 70
were cimetidine users, 11 were famotidine users, 62 were nazitidine users, and 75 were
ranitidine users), and 1,355 never used any H2As. As summarized in Table 2, women and
persons with diabetes mellitus or depression were more likely to use these drugs.
In addition, 17.0% of the H2A never-users, 19.4% of the intermittent users, and 34.2% of
the continuous users had incident cognitive impairment (P = .03). After adjusting for
potential confounders such as education, age, baseline CSI-D score, the use of drugs with
definite central anticholinergic activities, history of diabetes, and history of depression, our
data demonstrated that the continuous use of H2A was significantly associated with greater
risk of incident cognitive impairment than for nonusers (OR = 2.42, 95% CI = 1.17–5.04, P
= .02, Wald chi-square (χ2) = 5.63); intermittent use of H2A was not associated with such a
risk (OR = 1.17, 95% CI = 0.76–1.81, P = .47, Wald χ2 = 0.52).
PPIs have been used as an alternative to H2As in the treatment of gastrointestinal disorders
in older adults. Thus, their association with incident cognitive impairment and therefore
their role as an alternative therapy was evaluated. There were 44 subjects using at least one
PPI during one of the waves, including one individual using a PPI at all participating waves.
There was no association between PPI use and incident cognitive impairment (OR = 0.80,
95% CI = 0.33–1.90, P = .61, Wald χ2 = 0.27) after adjusting for the potential confounders
used in the H2A analysis.
Discussion
Using 5 years of longitudinal observational data and after adjusting for potential
confounders (age, education, baseline cognition, any use of drug with definite central anti-
cholinergic activities, history of depression, history of diabetes mellitus), this study showed
that the continuous use of H2As by African Americans aged 65 and older who were
cognitively intact at baseline was associated with greater risk of developing incident
cognitive impairment (OR = 2.42, 95% CI = 1.17–5.04) than for H2A nonusers.
These findings are in agreement with recent longitudinal observational analyses of 2,082
community-dwelling older adults in North Carolina.13 The North Carolina study used
cognitive decline as the outcome, determined as differences in the Short Portable Mental
Status Questionnaire (SPMSQ) score measured over 7 years. In this study, the use of H2As
was a risk factor for subsequent cognitive decline (risk ratio = 1.51, 95% CI = 0.93–2.47).
These findings are also consistent with the results from the single clinical trial evaluating the
efficacy of H2As (150-mg daily dose of nazitidine) in delaying the progression of cognitive
decline in older adults with AD.14 Although this trial showed no positive effects of
nazitidine on any of the clinical cognitive outcome measures over the 1-year study interval,
there were some trends toward deleterious effects for nazitidine on patients' memory and
language.14
Nevertheless, the findings of the current study are not consistent with the results from other
longitudinal and cross-sectional studies.9,11,12 In 1995, one study compared H2A exposure
in pairs of siblings with and without AD.9 Siblings who used H2As for a sustained time
experienced a later onset of AD than those were not exposed to any.9 Analyses of the cross-
sectional data from the Cache County Study indicated similar protective effects.11 However,
neither longitudinal data from the same Cache county study nor cross-sectional data from
the Rotterdam Study showed an association between H2A usage and incident AD.10,12
The reasons for the inconsistencies in results between studies are not readily apparent.
Populations included in these studies were different (cognitively normal subjects vs subjects
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at high risk for dementia, African Americans vs other populations). The study design used
(cross-sectional, prospective cohort, case–control) and the outcome criteria varied between
studies (defining cognitive impairment based on a screening vs comprehensive
neuropsychological assessment, using incident AD vs cognitive decline). The current study
included cognitively normal subjects, had a prospective design, and used incident cognitive
impairment defined according to a comprehensive neuropsychological assessment. The
possible different effects for the various drugs of the H2A class may also explain these
inconsistent findings, although the current study had a limited number of subjects to explore
these various effects. Furthermore, there were differences in the method used to determine
exposure to H2As (home-based review of the medication vs survey questionnaire) and the
control for potential confounders in the analysis.
The mechanism responsible for the adverse cognitive effects associated with H2As is not
clear. Suggested mechanisms include vitamin B12 deficiency associated with H2A use and
the potential anticholinergic effect of some H2As. Certain H2As, such as ranitidine and
cimetidine, have anti-cholinergic activities that lead to the development of delirium and
other cognitive deficits.26–29 H2As use could result in vitamin B12 deficiency that leads to
cognitive deficit. Stomach acidity is necessary for the removal of vitamin B12 from dietary
protein sources before it can be absorbed, so it might be that H2A prevents the absorption of
vitamin B12.30 Because the body contains enough vitamin B12 stores for 2 to 5 years, a full
dose of a H2A for more than 2 years might lead to vitamin B12 deficiency.30 In the current
study, the incidence of cognitive impairment was significant only in those who used H2As
continuously.
This study has a number of limitations. First, the ascertainment of medication use was based
on up to three interviews during the 5 years. The study did not have data on the actual
medication dispensed during the 5-year follow-up period; thus, continuous use was assumed,
although medication use was recorded from direct observation of the medication containers
in participants' homes or from active drug lists or was based on informants' reports. Second,
the study had few participants who were exposed to H2As (203 in total). Despite the limited
power of this study, there was a significant relationship between H2As and incident
cognitive impairment. Third, the study population was entirely African American, so
generalizability with non-African-American populations is limited. Fourth, the data did not
include sufficient information to allow for dose analyses. Despite these limitations, the study
had a strong longitudinal design with 5 years of follow-up that allowed for the evaluation of
the effect of H2A use on the incidence (but not prevalence) of cognitive impairment in an
understudied cohort of African Americans with no prevalence cases of cognitive
impairment. In addition, data collection permitted adjustment for potential confounders that
might explain the relationship between H2As and cognition.
In conclusion, this study suggests that long-term use of H2As is associated with cognitive
impairment in elderly African Americans. Because a significant number of Americans are
exposed to H2As every year, with approximately 16 million prescriptions in 2005,7 the
association between H2As and cognitive impairment merits further study. This proposed
study would need to measure incident cognitive impairment annually or biannually using a
similar accurate methodology of the Indianapolis–Ibadan project and at the same time
collect drug dispensing data to capture continuous exposure to certain medications instead of
self-reporting at various time points.
Acknowledgments
Financial Disclosure: Supported by Grant R01 AG09956 from the National Institute on Aging. Dr. Boustani was
supported by Paul B. Beeson K23 Career Development Award 1-K23-AG026770-01.
Boustani et al. Page 6














1. Boustani M, Peterson B, Hanson L, et al. Screening for dementia in primary care: A summary of the
evidence for the U.S. Preventive Services Task Force. Ann Intern Med 2003;138:927–937.
[PubMed: 12779304]
2. Schubert C, Boustani M, Fox C, et al. Medical comorbidity profile of dementia patients in primary
care: Are they sicker? J Am Geriatr Soc 2006;54:104–109. [PubMed: 16420205]
3. Sloane PD, Zimmerman S, Suchindran C, et al. The public health impact of Alzheimer's disease,
2000–2050: Potential implication of treatment advances. Annu Rev Public Health 2002;23:213–
231. [PubMed: 11910061]
4. Wolff JL, Starfield B, Anderson G. Prevalence, expenditures, and complications of multiple chronic
conditions in the elderly. Arch Intern Med 2002;162:2269–2276. [PubMed: 12418941]
5. Nielsen TM, Somani SK, Cooper SL, et al. Acid-peptic disease drug-use review in six long-term
care facilities. Consult Pharm 1994;9:1417–1426.
6. Jacobson BC, Ferris TG, Shea TL, et al. Who is using chronic acid suppression therapy and why?
Am J Gastroenterol 2003;98:51–58. [PubMed: 12526936]
7. Top 300 Prescriptions for 2005 [on-line]. [September 30, 2006]. Available at
http://www.rxlist.com/top200.htm
8. Moore AR, O'Keeffe ST. Drug-induced cognitive impairment in the elderly. Drugs Aging
1999;15:15–28. [PubMed: 10459729]
9. Breitner JC, Welsh KA, Helms MJ, et al. Delayed onset of Alzheimer's disease with nonsteroidal
anti-inflammatory and histamine H2 blocking drugs. Neurobiol Aging 1995;16:523–530. [PubMed:
8544901]
10. Launer LJ, Jama JW, Ott A, et al. H2 blocking drugs and the risk for Alzheimer's disease: The
Rotterdam Study. Neurobiol Aging 1997;18:257–259. [PubMed: 9258905]
11. Anthony JC, Breitner JC, Zandi PP, et al. Reduced prevalence of AD in users of NSAIDs and H2
receptor antagonists: The Cache County Study. Neurology 2000;54:2066–2071. [PubMed:
10851364]
12. Zandi PP, Anthony JC, Hayden KM, et al. Reduced incidence of AD with NSAID but not H2
receptor antagonists: The Cache County Study. Neurology 2002;59:880–886. [PubMed:
12297571]
13. Hanlon JT, Landerman LR, Artz MB, et al. Histamine2 receptor antagonist use and decline in
cognitive function among community dwelling elderly. Pharmacoepidemiol Drug Saf
2004;13:781–787. [PubMed: 15386717]
14. Carlson MC, Tschanz JT, Norton MC, et al. H2 histamine receptor blockade in the treatment of
Alzheimer disease: A randomized, double-blind, placebo-controlled trial of nizatidine. Alzheimer
Dis Assoc Disord 2002;16:24–30. [PubMed: 11882746]
15. Murray MD, Lane KA, Gao S, et al. Preservation of cognitive function with antihypertensive
medications: A longitudinal analysis of a community-based sample of African Americans. Arch
Intern Med 2002;162:2090–2096. [PubMed: 12374517]
16. Unverzagt FW, Gao S, Baiyewu O, et al. Prevalence of cognitive impairment: Data from the
Indianapolis study of health and aging. Neurology 2001;57:1655–1662. [PubMed: 11706107]
17. Hendrie HC, Ogunniyi A, Hall KS, et al. Incidence of dementia and Alzheimer's disease in 2
communities: Yoruba residing in Ibadan, Nigeria, and African Americans residing in Indianapolis,
Indiana. JAMA 2001;285:739–747. [PubMed: 11176911]
18. Hendrie HC, Osuntokun BO, Hall KS, et al. Prevalence of Alzheimer's disease and dementia in
two communities: Nigerian Africans and African Americans. Am J Psychiatry 1995;152:1485–
1492. [PubMed: 7573588]
19. Hall, KS.; Hendrie, HC. CSI“D” and culture fair cognitive testing. In: Copeland, J.; Abou-Saleh,
M.; Blazer, D., editors. Principles and Practice of Geriatric Psychiatry. 2nd. Sussex, England: John
Wiley & Sons Ltd; 2000.
20. Morris JC, Mohs RC, Rogers H, et al. Consortium to establish a registry for Alzheimer's disease
(CERAD): Clinical and neuropsychological assessment of Alzheimer's disease. Psychopharmacol
Bull 1988;24:641–652. [PubMed: 3249766]
Boustani et al. Page 7













21. Unverzagt FW, Hall KS, Torke AM, et al. Effects of age, education, and gender on CERAD
neuropsychological test performance in an African American sample. Clin Neuropsychol
1996;10:180–190.
22. Hendrie HC, Lane KA, Ogunniyi A, et al. The development of a semi-structured home interview
(CHIF) to directly assess function in cognitively impaired elderly people in two cultures. Int
Psychogeriatr 2006;18:653–666. [PubMed: 16640794]
23. World Health Organization. ICD-10. The International Statistical Classification of Diseases and
Related Health Problems. Report No.: V. 3. Geneva, Switzerland: World Health Organization;
1992.
24. Diagnostic and Statistical Manual of Mental Disorders. Revised 3rd. Washington, DC: American
Psychiatric Association; 1987.
25. McKhann G, Drachman D, Folstein M, et al. Clinical diagnosis of Alzheimer's disease: Report of
the NINCDS-ADRDA work group under the auspices of the department of health and human
services task force on Alzheimer's disease. Neurology 1984;34:939–944. [PubMed: 6610841]
26. Cantu TG, Korek JS. Central nervous system reactions to histamine-2 receptor blockers. Ann
Intern Med 1991;114:1027–1034. [PubMed: 1674198]
27. Eisendrath SJ, Ostroff JW. Ranitidine-associated delirium. Psychosomatics 1990;31:98–100.
[PubMed: 2300661]
28. Das AF, Freston JW, Jacobs J, et al. An evaluation of safety in 37,252 patients treated with
cimetidine or ranitidine. Gastroenterology 1990;11:127–149.
29. Slugg PH, Haug MT III, Pippenger CE. Ranitidine pharmacokinetics and adverse central nervous
system reactions. Arch Intern Med 1992;152:2325–2329. [PubMed: 1444693]
30. Ruscin JM, Page RL, Valuck RJ. Vitamin B(12) deficiency associated with histamine(2)-receptor
antagonists and a proton-pump inhibitor. Ann Pharmacother 2002;36:812–816. [PubMed:
11978157]
Boustani et al. Page 8

























Boustani et al. Page 9
Table 1






Impairment (n = 275)
Test Statistic* (Degrees of
Freedom) P-Value
Age, mean ± SD 77.0 ± 6.2 80.6 ± 7.2 −7.58 (366) <.001
Female, % 66.4 66.5 0.06 1.00
Education, years, mean ± SD 10.1 ± 2.9 9.1 ± 3.2 5.00 (375) <.001
Baseline cognitive score, mean ± SD† 31.3 ± 1.5 30.5 ± 1.9 6.36 (355) <.001
Regular alcohol use, % 41.0 35.6 0.01 .10
Hypertension, % 65.6 65.5 0.06 1.00
Diabetes mellitus, % 26.7 21.5 0.01 .08
Stroke, % 10.6 11.6 0.07 .59
Depression, % 7.5 9.8 0.04 .22
Antihyperlipidemia use, % 1.9 1.8 0.19 1.00
Antiplatelet use, % 0.6 0.7 0.30 .69
Aspirin use, % 8.2 7.3 0.09 .71
Benzodiazepine use, % 2.6 2.2 0.16 .83
Medications with definite central
anticholinergic activities use, %
8.7 10.9 0.04 .25
*
Approximate t statistics for continuous values; table probability from Fisher exact test for categorical values.
†
From the Community Screening Instrument for Dementia.
SD = standard deviation.
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